Background: Competent interpretation of esophageal high-resolution manometry (HRM) is integral to a quality study. Currently, methods to assess physician competency for the interpretation of esophageal HRM do not exist. The aim of this study was to use formal techniques to (i) develop an HRM interpretation exam, and (ii) establish minimum competence benchmarks for HRM interpretation skills at the trainee, physician interpreter, and master level.
| INTRODUCTION
Most US gastroenterology fellowship programs do not provide formal training in gastrointestinal motility diagnostics such as esophageal high-resolution manometry (HRM).
1 Consequently, despite the high prevalence and health care burden of esophageal motility disorders, gastroenterologists are inadequately trained to interpret esophageal HRM. 1, 2 Experts recognize this practice gap and its negative impact upon patient outcomes. As such, interpreter competency for HRM is considered a high-priority quality measure in the performance and interpretation of HRM. 3 Unfortunately, a reliable measure of competency is lacking.
Currently, the US Gastroenterology (GI) Core Curriculum recommends the completion of 50 esophageal manometry studies to achieve proficiency. However, this recommendation is based only on expert opinion. 1, 4 To assess proficiency for HRM according to these recommendations, we recently conducted a study in which 20 HRM naive GI trainees interpreted 50 standardized HRM cases. All trainees viewed video-based introductory educational materials and subsequently received feedback after every two cases. Despite this, we found that learning curves for acquiring proficient HRM interpretation skills varied tremendously. 5 Trainees who achieved competency did so at differing case volumes. Moreover, the majority of trainees failed to demonstrate competency for HRM even after interpreting 50 HRM cases. 5 These results suggest that using a minimal case volume to assess esophageal HRM competency is inaccurate and, furthermore, most trainees need to interpret more than 50 cases to achieve competency. Thus, a standardized assessment of competency for HRM interpretation is necessary.
The aims of this study were to: (i) develop an HRM interpretation exam, and (ii) establish minimum competence benchmarks for specific interpretation skills at the trainee, physician interpreter, and master level.
| METHODS

| Study design
This study was approved by the Northwestern University Institutional Review Board. To establish minimum competence cut scores, we adapted the modified Angoff method of standard setting for performance examinations in health education. 6, 7 Nine content experts and 20 inexperienced trainees from 8 academic medical centers participated.
Content experts were all board-certified physicians and included eight gastroenterologists and one gastrointestinal surgeon. Importantly, all experts interpret esophageal HRM and work with resident and/or fellow trainees. Inexperienced trainees were all GI fellows or gastrointestinal surgery residents with minimal (0-5 HRM cases) HRM experience.
| HRM interpretation exam development
Based on the group's prior work in defining quality measures for esophageal manometry, the experts identified eight requisite skills for HRM interpretation. 
| Judging as per the Angoff method
The Angoff method is a judge-based standard setting method that has been used across a spectrum of educational settings. 10 Angoff estimates performance standards at the pass-fail level in an effort to distinguish the competent from the non-competent candidate. In this process, each judge estimates the proportion of minimally competent examinees who would give a correct answer to each of the items.
Each judge's estimates are summed across items, with the average sums determining the skill cut score. 10 The modified Angoff includes a second round of judgments after the judges have seen their peers' judgments.
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Key Points
• There is a deficiency of competency-based training and assessment for gastrointestinal motility diagnostics such as high-resolution esophageal manometry.
• We used a formal standard setting technique with a group of experts to develop a high-resolution esophageal manometry exam and to establish minimum cut scores for specific interpretation skills.
• These results can be used to assess competency for highresolution esophageal manometry interpretation.
Additionally, this method can be applied to developing benchmarks across the spectrum of gastrointestinal motility.
Two experts (PJK and DK) served as judges and participated in the modified Angoff method. The judges reviewed the blinded test-taker performance at both ends of the experience spectrum: (inexperienced trainee and expert) and individually determined the cut scores at the trainee, minimally competent physician interpreter, and master interpreter level for each skill. As per the Angoff method, judges were instructed to provide ratings no less than 25% and no greater than 95%.
Ratings were compiled and discussed including a specific discussion for outlier high and low scores. Judges were given the opportunity to adjust their scores if desired and individually submitted another round of scores. The mean judge scores were calculated to determine the final cut scores for HRM interpretation skills. 
| RESULTS
| Determination of the question and answer format for HRM interpretation skills
| Cut scores for HRM interpretation
The two expert judges reviewed the individual and aggregate testtaker performance (aggregate results presented in Table 2 ). As per (Figure 2 ). For instance, the cut scores for the physician interpreter generally ranged from 85% to 90%, whereas the cut scores for masters were 95%, and for the trainee ranged from 75% to 80%. However, scores were notably lower for peristaltic integrity and pressurization pattern. With regard to specific diagnoses, cut scores for identification of a major motility disorder were high across all three levels. On the other hand, while cut scores for the identification of a technically limited study were high for clinical interpreters (physician interpreter: 80%, master: 95%), the cut score for a minimally competent trainee was only 50%.
| DISCUSSION
In this study, we used a modified evidence-based standard setting method to determine minimum cut scores for HRM interpretation skills across three interpreter levels. The results suggest that a trainee with minimal proficiency in interpreting HRM should generally achieve between 65% and 80% accuracy for individual HRM skills and a master HRM interpreter should achieve at least 90%-95% accuracy. Importantly, the physician interpreting HRM in unsupervised practice should achieve 85%-90% accuracy for individual HRM skills, with the exception of judging peristaltic integrity, for which 65% was acceptable.
This work has important implications for training programs and physician practice.
| Training programs
We created a formal HRM interpretation exam in this study, inclusive of 22 HRM cases, each with 8 questions. This exam can be used in training programs to augment the deficiency in competency assessment for gastrointestinal motility. 1, 12 Our intention is that this exam will be a mechanism to familiarize trainees with esophageal HRM, provide meaningful and personalized self-assessment, and prompt focused improvement. The cut scores are meant to represent benchmarks for assessment toward the end of training.
| Practicing physicians
Moreover, this work may importantly impact the practice of unsupervised HRM interpretation. Currently, a method to assure physician Major motility disorder of outflow obstruction include: Type I Achalasia, Type II Achalasia, Type III Achalasia, esophagogastric junction outflow obstruction. In addition to these, major motility disorders include absent contractility, hypercontractile esophagus, and distal esophageal spasm.
T Potentially, these benchmarks could be incorporated into a certification process for HRM interpretation.
This study also highlights that content experts view the identification of major motility disorders and recognition of proper catheter placement (PIP) as priority skills. In addition, the disparity between high estimated cut scores for recognition of hiatal hernia >3 cm and low real-life performance suggests that although a challenging skill, experts consider recognition of hiatal hernia to be important.
Our study has several strengths. Our panel of experts included gastrointestinal surgeons and gastroenterologists from different clinical sites, improving the generalizability of our results. The cut scores were based on the modified Angoff method; evidence-based standard setting approaches are useful for setting fair and reliable performance cuts. In addition, our approach considered actual performance across two spectrums of interpreter level. Thus, our study synthesized an evidence-based approach to standard setting and data from real-life experience.
There are also limitations of these results. The predictive validity of performance against these standards to clinical performance and
outcomes has yet to be studied. While these skills assess the technical components of HRM interpretation, they do not examine decisionmaking capabilities or knowledge of esophageal physiology. Although the cut scores are derived from performance to a specific set of 22 HRM cases, the cases were chosen to represent a broad range of reallife scenarios inclusive of various motility disorders, diaphragmatic defects, and technical limitations. Additionally, the cases vary across difficulty level. As HRM metrics and classification schemes evolve, these benchmarks may require updating.
In conclusion, our study provides minimum cut scores for HRM interpretation across interpreter levels based on a formal standard setting process. These results can be used to conduct HRM interpretation exams among trainees, technicians, and physicians, and to assess physician readiness for unsupervised HRM interpretation. Our study presents a novel approach to standard setting and addresses the current gap in competency-based training and assessment for the interpretation of esophageal HRM. This process can be used to develop benchmarks and improve the quality of interpretation across the spectrum of gastrointestinal motility diagnostics.
